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DUPIJCATE 

GLUCOSYT /TRANSF ERASES 

The invention relates to transgenic cells which have been transformed with nucleic 
acid molecules which encode glucosyltransferaaes (GTase) which glycosylate 
monolignols which are Remediates in lignin biosynthesis. 

GTases axe enzymes which post-translationaUy transfer glucosyl residues from an 
activated nucleotide sugar to monomelic and polymeric acceptor molecules such as 
other sugars, proteins, lipids and other organio substrates. These glucosylated 
molecules take part in diverse metabolic pathways and processes. The transfer of a 
glucosyl moiety can alter the acceptor's bioactivity, solubility and transport properties 
within the cell and throughout the plant. One family of GTases in higher plants is 
defined by the presence of a C-tenmhal consensus sequence. The GTases of this 
family Amotion in the cytosol of plant cells and catalyse the transfer of glucose to 
small molecular weight substrates, such as phenyipropanoid derivatives, comnarins, 
flavonoids, other secondary metabolites and molecules known to act as plant 
hormones. 

Wood used in the paper industry is initially particulate^ typically by chipping, before 
conversion to a pulp which can be utilised to produce paper. The pulping process 
involves me removal of lignin. lignin is a major non-carbohydrate component of 
wood and comprises approximately one quarter of the raw material in wpod pulp. 
The removal of Ugnin is desirable since the quality of the paper produced from the 
pulp is largely determined by the lignin content Many methods have been developed 
to efficiently and cost effectively remove lignin from wood pulp. These methods can 
be chemical, mechanical or biological. Forexample, chemical meihods to pulp wood 
are disclosed in W09811294, EP0957198 and WO0047S12. Although chemical 
methods are efficient means to remove lignin from pulp it is known that chemical 
treatments can result in degradation of polysaccharides and is expensive, Moreover, 
to remove tesidual Ugnin from pulp it is necessary to use strong bleaching agents 
which require removal before the pulp can be converted into paper. These agents ate 
also damaging to the environment. 
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Biological methods to remove Bgrrin are known, but have inherent disadvantage For 
example it is impoxtaxit to provide rmcr^orgarasms (e.g. bacteria and/or fungi) which 
only secrete lignite enzymes which do not affect cellulose fibres. This method is 
also very time consuming (can take 3-4 weeks) and expensive due to the need to 
5 provide bioreactars. Biological treatment can also include ^treatment of wood 
chips to make them more susceptible to fcrfher biological or chemical piping. 

In some appfications, for example the censttnetion industry or in mrmtore making, it 
may he desirable to increase the lignin content of a plant cell to increase the 
10 mechanical strength of wood. 

Both lignin content and the level of blinking of polysaccharide polymers within 
plant cell walls, also play an important role in detemaining textore and quality of raw 
materials through altering the cell walls and tissue mechanical properties. For 
example, there is considerable interest in reducing cell separation in edible tissues 
15 since this would prevent over-softening and loss of juiciness. Phenolics, such as 
ferulic acid, play an importer* role in cell adhesion since they can be esterified to cell 
wall polysaccharides during synthesis and oxidativcly crossed in die wall, 
thereby increasing rigidity. Most non-lignified tissues contain these phenoho 
components and their levels can be modified by altering flux through the same 
20 metabolic pathways as those culminating in Ugtun, Therefore, in the same way as for 
the manipulation of lignin composition and content, GTase nucleic acid in sense 
and/or atrttsause configurations can be used to affect levels of ferulic acid and related 
phenylpr< V anoid derivatives that function in oxidative c^ss-lirddng. These changes 
in content have utility in the control of raw material quality of edible plant tissues . 

25 Lignin and oxidative cross-linking in plant cell walls also play important roles in 
stress and defence responses of most plant species. For example, when non-woody 
tissues are challenged by pests or pathogen attack, or suffer abiotic stress such as 
through mechanical damage or UV radiation, the plant responds by localised and 
systemic alteration in cell wall and cytosolio properties, including changes in tignin 

30 content and composition and changes in cross-linking of other wall components. 
Therefore, it can also be anticipated that cell- or tissue-specific changes in these 
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responses brought about by changed levels of the relevant GTase activities will have 
utility in protecting the plant to biotic attack and biotic/abiotic stresses. 



5 GTaaes also have utility with respect to the modification of antioxidants. Reactive 
oxygon species are produced in all aerobic organisms during respiration and normally 
exist in a cell in balance with biochemical ajxti-oxidants. Environmental challenges, 
such as by pollutants, oxidants, toxicants, heavy metals and so on, can lead to excess 
reactive oxygen species which perturb the cellular redox balance, potentially leading 
10 to wide-ranging pathological conditions, in animals and humans, cardiovascular 
diseases, oaaeers, inflammatory and degenerative disorders are linked to events 
arising from oxidative damage. 

Because of the current prevalence of these diseases, there is considerable interest in 
15 anti-oxidanta, consumed in the diet or applied topically such as in UY-screens. Anti- 
oxidant micromilrients obtained from vegetables and units, teas, herbs and medicinal 
plants are thought to provide significant protection against health problems arising 
from oxidative stress. Well known antioxidants from plant tissues include fin: 
example: quercetin, luteolin, and die catechin, epicatechin and cyanidht groups of 
20 compounds. 



Certain plant species, organs and tissues are known to have relatively high levels of 
one or more compounds with antioxidant activity. Greater accumulation of these 
compounds in those species, their wider distribution in crop plants and plant parts 
already used for food and drink production, and the increased bioavailability of anti- 
oxidants (absorption, metabolic conversions and excretion rate) are three features 
considered to be highly desirable. 

The identity of a number of glucosyltamsferaso genes involved in li gnm biosynthesis 
within Arabidopsis have been described in Lim et al. 2001. The isolation and 
characterisation of two of these genes, 72E2 and 72E3, both members of a small 
subfamily within Group E of the phylogenetic tree of Arabidopsis UGTs, were further 
disclosed in WO01/SSU40. The UGTs encoded by these genes glycosylate the 
metabolites of the phenylpropauoid pathway by the transfer of glucose from UDP- 
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glucose to ahydroxyl group on the metabolite. This leads either to the foxmatLon ofa 
glucose ester. It* identification and characterisation of 72E2 and 72E3 led to the 
ability, via regulating gene expression, to be able to modulate the extent of 
Kgnification within aplant, thereby altering the mechanical properties, responsiveness 
5 to wounding and pathogen stress and xenobiotic detoxification ability of the plant 
We disclose a further sequence involved in glycosylate of metabolites in the 
phenylpropanoid pathway which alone or in ccmbination with 72E2 and 72B3 
modulate lignin biosyntbesia, 

10 According to an aspect of the invention there is provided a transgenic cell wherein the 
g6nome of said cell comprises a nucleic acid molecule wherein said nucleic acid 
molecule is selected from the group consisting of; 

i) a nucleic acid molecule comprising a nucleic acid 

sequence as represented in Figure 1; 
15 ^ a nucleic acid molecule comprising a nucleic acid 

sequence which hybridises to the sequence in (i) above 

and which glucosylates at least one monolignol; 
Ui) a nucleic add molecule comprising a nucleic acid 

sequences which are degenerate as a result of the genetic 
20 code to the sequences defined in (i) and (ii) above, 

to a preferred embodiment of the invention said aldehyde of a monoJignol is selected 
from the group consisting of; j^oumaryl aldehyde, coniferyl aldehyde and sinapyl 
aldehyde. 

In an alternative preferred embodiment of the invention said monolignol is coniferyl 
aloohoL 

Preferably said hybridisation is stringent hybridisation. Stringent 
30 hybrimamWwasning conditions are well known in the art. For example, nucleic acid 
hybrids mat are stable after washing in O.lxSSC.0.1% SDS at oO'C. It is wen known 
in me art that optimal hybridisation conditions can he calculated if the sequence of me 
nucleic acid is known. For example, hybridisation conditions can be determined by 
the GC oontent of me nucleic acid subject to hybridisation. 
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In a further preferred embodiment of the invention said nucleic acid is cDNA. 

In a yet further preferred embodiment of the invention said nucleic acid is genomic 
DNA. 

In a preferred embodiment of the invention said nucleic acid molecule comprises a 
nucleic acid sequence as shown in Figure 1. Inferably said txudeic acid molecule 
consists of a nucleic acid sequence as shown in Figure 1. 

In a further preferred embodiment of the invention said nucleic acid molecule is over 
expressed. 

In a preferred embodiment of the invention said oveivexpression is at least 2-fbld 
higher "when compared to a non-transformed reference cell of the same species. 
Preferably said over-expression is: at least 3-fold. 4-fold,- 5-fold, 5-fold, 7-fold, 8-fold, 
9-fold* or at least 10-fold when compared to a non-transformed reference cell of the 
same species. 

In a further preferred embodiment of the invention said cell over-expresses a nucleic 
acid molecule selected from the group consisting ofi 

i) a nucleic acid molecule comprising a nucleic acid 
sequence as represented in Figure 1 and Figure 3 and/or 
Figure 5; 

ii) a nucleic acid molecule comprising a nucleic add 
sequence which hybridises to the sequence in (i) above 
and which glucosylates at least one monolignol; 

iii) a nucleic acid molecule comprising a nucleic acid 
sequences which are degenerate as a result of the genetic code to 
the sequences defined in (i) and (ii) above. 



In an alternative preferred embodiment of the invention said cell over-expresses a 
nucleic acid molecule as represented by the nucleic acid sequence shown in Figure 3 
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and Figure 5, or a nucleic acid molecule which hybridises to a nucleic add molecule 
as represented by toe nucleic acid sequence in Figure 3 and Figure 5. 

This over expression may be as a result of an increased copy number of said nucleic 
acid molecule. Alternatively said nucleic acid sequence may be operably linked to a 
heterologous promoter. 

A vector comprising the nucleic acid molecule operably linked to a heterologous 
promoter would be used to transit/transform a selected cell. 



"Vector" include*, inter alia, any plasmid, cosmid, phage or Agrobactenum binary 
vector hi double or single stranded linear or circular form which may or may not be 
self-transmissable or mobilizable, and which can transform aprokaryotio or eukaryotio 
host either by integration into the cellular genome or exist exIrachromosomaUy {e.g. 
15 autonomous replicating plasmid with an origin of replication ie an episomal vector). 

Suitable vectors can constructed, containing appropriate regulatory sequences, 
including promoter sequences, terminator fragments, polyadenylation sequences, 
enhancer sequences, marker genes and other sequences as appropriate. For further 
20 details see, tor example, Molecular Cloning: Laboratory Manual: 2 edition, 
Sambrook Ot al. 1989. Cold Spring Habor Laboratory Press or Current Protocols in 
Molecular Biology. Second Edition, Ausubel et al. Eds., John Wiley & Sons, 1992. 

Specifically included are shuttle vectors by which is meant a DNA vehicle capable, 
25 naturally or by design, of replication in two different host organisms, which may be 
selected from actinomycetes and related species, bacteria and eukaryotic (e.g. higher 
plant, mammalian, yeast or fungal cells). 

A vector including nucleic acid according to the invention need not include a 
30 promoter or other regulatory sequence, particularly if me vector is to be used to 
introduce the nucleic acid into cells for recombtoation into the gene. 

Preferably the nucleic acid in the vector ie under the control of, and operably finked 
to, an appropriate promoter or other regulatory elements for transcription in a host cell 
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such as a microbial, (e.g. bacterial), or plant cell. The vector may be a bi-fiinctional 
expression vector which fractions in multiple hosts. In the case of GTase genomic 
DNA this may contain its own promoter or other regulatory elements and in the oase 
of cDNA this may be wider the control of an appropriate promoter or other regulatory 
5 elements for expression in the host cell. 

By "promoter" is meant a nucleotide sequence upstream from the transcriptional 
initiation site and which contains a» the regulatory regions required for transcription. 
Suitable promoters include constitutive, tissue-specific, inducible, developmental or 
10 other promoters for expression in plant cells comprised in plants depending on design. 
Such, promoters include viral, fungal, bacterial, animal and plant-derived promoters 
capable of functioning in plant cells. 



Constitutive promoters include, for example CaMV 35S promoter (OdeU et a], (1985) 
IS Nature 313, 9810-812); rice actin (McEhoy et al. (1990) Plant Cell 2: 163-171); 

□biquitin (Christian et at (1989) Plant Mol. Biol. 18 (675-689); pBMU (Last et al 

(1991) Tnear Appl. Genet, 81: 581-588); MAS (Velten et al. (1984) BMBO J. 3. 

2723-2730); ALS promoter (U.S. Application Seriel No. 08/409,297), and the like. 

Other constitutive promoters include those in U.S. Patent Nos. 5,608,149; 5,608,144; 
20 5,604,121; 5,569,597; 5,466,785; 5,399,680, 5,268,463; and 5,608,142. 

Chemical-regulated promoters can be used to modulate the expression of a gene in a 
plant through the application of an exogenous chemical regulator. Depending upon 
the objective, the promoter may be a chemical-inducible promoter, where application 
of the chemical induced gene expression, or a ehemioal-repressible promoter, where 
application of the chemical represses gene expression. Chemical-inducible promoters 
sre known in the art and include, but are not limited to, the maize M2-2 promoter, 
which is activated by benzenesulfonamide herbicide safeners, the maize GST 
promoter, which is activated by hydrophobic etectrophilic compounds mat are used as 
pre-emergent herbicides, and foe tobacco PR-la promoter, which is activated by 
salicylic acid. Other chemical-regulated promoters of interest include steroid- 
responsive promoters (see, for example, the glucocorticoid-inducible promoter in 
Sehena et al. (1991) Proc. NatL Acad. Sci. TJ5A 88: 10421-10425 and McNeills et at 
(1998) Plant J. 14(2); 247-257) and tetracycline-inducible and tetraoycline-xepressiblB 
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promoters (see, for example, Gate et aL (1991) Mol. Gen. Genet. 227: 229-237, and 
US Patent Nos. 5,814*618 and 5>789>156, herein incorporated by reference. 



Where enhanced expression in particular tissues is desired, tissue-specific promoters 
5 can be utilised. Tissue-specific promoters include those described by Yamamoto et 
aL (1997) Plant J. 12<2): 255-235; Kawamata et aL (1997) Plant Cell Physiol. 38(7): 
792-803; Hansen et aL (1997) Mol Ctaou Genet 254(3): 337-343; Russell et aL (1997) 
Transgenic Res. $(2): 157-168; Rinehart et aL (1996) Plant Physiol. 112(3): 1331- 
1341; Van Camp et aL (1996) Plant PhysioL 112(2): 525-535; Canevascni et d. 
10 (1996) Plant PhysioL 112(2): 513-524; Yamamoto et aL (1994) Plant Cell Physiol. 
35(5): 773-778; Lam (1994) Results RrobL Cell Diflfer. 20: 181-196; Orozco et d. 
(1993) Plant Mol. Biol. 23(6): 1129-1138; Mutsuoka et d. (1993) Proc. NaiL Acad. 
Sci. USA 90 (20): 9586-9590; and Guevara-Garcia et d (1993) Plant J- 4(3): 495-50, 



15 "Operably linked** means joined as part of the same nucleic acid molecule, suitably 
positioned and oriented for transcription to be Initiated from the promoter, DNA 
operably linked to a promoter is "under transcriptiond initiation regulation" of the 
promoter. In a preferred aspect, the promoter is an inducible promoter or a 
developxnentally regulated promoter. 

20 

Particular of interest in the present context are nucleic acid constructs which operate 
as plant vectors. Specific procedures and vectors previously used with wide success 
upon plants are described by Ouerineau and MulHneaux (1993) (Plant transformation 
and expression vectors. In: Plant Molecular Biology Labfax (Croy BHD ed) Oxford, 
25 BIOS Scientific Publishers, pp 121-148. Suitable vectors may include plant viral- 
derived vectors (see e.g. EP-A-194809). 

If desired, selectable gsoetic markers may be included in the construct, such as those 
that confer selectable phenotypes such as resistance to antibodies or herbicides (e.g. 
30 kaaamjran, hygromycfo, phosphinotricin, chlorsulfuron, methotrexate gcntamyein, 
spectinomycio* imidazolinones and glyphosate). 
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Preferably said promoter is the dxuiaroate-4-hydroxylas© (CH4) promoter, wherein 
C4H is an enzyme in the phenylpropanoid pathway. Alternatively said promoter is the 
constitutive promoter, CaMV 35S promoter. 

In a further preferred embodiment of the invention the expression of said nucleic acid 
molecule is down-regulated to reduce glucosyltransfcrase activity in said celL 

In a prefixed embodiment of the invention said expression is reduced by at least 10%. 
Preferably $ajd activity w reduced by between l0%-99%. Preferably said activity is 
reduced by at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, or at least $0% when 
compared to a non-tranegenic reference cell. 

Preferably said down<egulation is as a result of said cell being null for a nucleic acid 
molecule selected from the group consisting of, 

i) a nucleic acid molecule comprising a nucleic acid 
sequence as represented in Figure 1; 

ii) a nucleic acid molecule comprising a nucleic acid 
sequence which hybridises to the sequence in (i) above; 

Hi) a nucleic acid molecule comprising a nucleic acid 
sequences winch are degenerate as a result of the genetic code to 
the sequences defined in (i) and (ii) above. 

In using anti-sense genes or partial gene sequences to down-regulate gene expression, 
a nucleotide sequence is placed under the control of a promoter in a '^reverse 
orientation" such that transcription yields RNA which is complementary to normal 
tnKNA transcribed from the "sense" strand of the target gene. See, for example, 
RoH*$tein et al, 1987; Smith et al, 0>99$) a Nature 334, 724-726; Zhang et al (1992) 
The Plant Cell 4, 15754588> English et al. (1996) The Plant Cell 8, 179 188. 
Antisense technology is also reviewed in Bourque (1995), Plant Science 105, 125- 
149, and Havell (1994) PNAS USA 91, 3490-3496. 

Preferably said down-regulation is as a result of said cell being null for a nucleic acid 
molecule selected fro m the group consisting of; 



i) a nucleic acid molecule comprising a nucleic add 
sequence as represented in Figure 1 and Figure 3 and/or 
Figure 5; 

ii) a nucleic acid molecule comprising a nucleic acid 
sequence which hybridises to the sequence in (i) above; 

iii) a nucleio acid molecule comprising a nucleic add 
sequences which are degenerate as a result of the genetic 
code to tile sequences defined in 00 and (ii) above. 

hi an alternative embodiment of the invention said down-regulation is me result of 
said cell being null for a nucleic add molecule comprising a nucldo add sequence as 
shown in Figure 3 and Figure 5 or a nucldc add molecule which hybridises to a 
nuoldc acid molecule comprising a nucldc acid sequence as shown in Figure 3 and 
Figure 5. 

Jh an alternative preferred embodiment of the invention said cell is transformed with a 
nucldo add molecule comprising an expression cassette which cassette comprises a 
nuddo add sequence selected from the group consisting of: 

i) a nucldc add molecde comprising a nucldc add 
sequence as represented in Figure 1; 

ii) a nucleic add molecule conmrising a nucldc add 
sequence which hybridises to the sequence in (i) above 
and which glycosylates at least one monolignol; 

Ui) » nucldc add molecule comprising a nucldc add 
sequences which are degenerate as a result of the genetic 
code to the sequences denned m (i) and (ii) above, 
wherein said cassette is adapted such that both sense and antisense nucleic add 
molecules are transcribed from sdd cassette. 

la a further preferred embodiment of the invention sdd cassette is provided with at 
least two promoters adapted to transcribe sense and antisense strands of sdd nucldc 
acid molecde. 
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In a further preferred embodiment of the invention said cassette comprises a nucleic 
acid molecule wherein said molecule comprises a first part linked to a second part 
wherein said first and second parts are complementary over at least part of their 
sequence and farther wherein transcription of said nucleic acid molecule produces an 
5 RNA molecule which fomas a double stranded region by complementary base pairing 
of said first and second parts. 



In a preferred embodiment of the invention said first and second parts are linked by at 
least one nucleotide base. In a farther preferred embodiment of the invention said 
10 first and second parts are linked by 2, 3, 4, 5, 6, 7, 8, 9 P or 10 nucleotide bases. In a 
yet further preferred embodiment of the invention said linker is at least 10 nucleotide 

bases. 

In a further preferred embodiment of the invention the length of the RNA molecule or 
15 antisense RNA is between 1 0 nucleotide bases (nb) and 1 OOOnb. Preferably said RNA 
molecule or anlisense RNA is lOOnb; 200rib; 300nb; 400nb; 500rib{ 600nb; 700rib; 
SOOab; 90Qnb; or lOOOnb in length. More preferably still said RNA molecule or 
antisense RNA is at least lOOOrib in length. 



20 More preferably Still the length of the RNA molecule ox antisense RNA is at least 
lOnb; 20nb; 30nb; 40nb; 50nb; GOxxbi 70nb; 80nb; or 90rib in length. Preferably still 
said RNA molecule is 21nb in length. 

In an alternative preferred embodiment of die invention said cell is transformed with a 
25 nucleic add molecule comprising an expression cassette(s) which cassette(s) 
comprises a nucleic acid sequence selected from the group consisting o£ 

i) a nucleic acid molecule comprising a nucleic acid 
sequence as represented in Figure 1 and Figure 3 and/or 
Figure 5; 

30 iii) a nucleic aoid molecule comprising a nucleic acid 

sequence which hybridises to the sequence in (i) above 
and which gjucosylates at least one monoligaol; 
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m a nadeio add molecule comprising a nucleic acid 
sequences which are degenerate as a result of fhe genetic 
code to the sequences defined in (i) and (ii) above, 
therein said cassette is adapted such that both sense and antisense nucleic acid 
5 molecules are transcribed from said cassette. 

to a preferred embodiment of the invention said cassette(s) comprises a nucleic 
molecule comprising a nucleic acid sequence as shown in Figure 3 and Figure 5 or a 
nucleic acid molecule which hybridises to a nucleic acid molecule comprising a 
10 nucleic acid sequence as shown in Figure 3 and Figure 5. 

In a further preferred embodiment of the invention said expression cassette is part of 
a vector. 

15 in a preferred embodhnem of the invention said transgenic cell is a eukaryolic celL 
Preferably said eukaryotie cell is a plant celL Altamativery said eufcaryotic call is a 
yeast celL 

in an alternative embodiment of the invention said transgenic cell is a prokaryotic 
20 cell. Preferably said prokaryotic cell is a bacterial celL 

In a further preferred embodiment of the invention, a transgenic plant is provided 
comprising a transgenic cell of the invemion. 

to yet still a further preferred embodiment of the invention said plant is a woody plant 
selected from: poplar, eucalyptus; Douglas fir, pine; walnut; ash; birch; oak; teak; 
spruce. Preferably said woody plant is a plant used typically in the paper industry, for 
example poplar. 

Methods to transform woody species of plant are well known in the art. For example 
me transformation of poplar is disclosed in US47958S5 and WO9U8094. The 
transformation of eucalyptus is disclosed in EP1050209 and WQ972S434. Each of 
these patents is incorporated to their entirety by reference. 
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In a ©till further preferred embodiment of the invention said plant is a non-woody 
plant selected from the group collating of; com (Zea mays), canola (Brassica napus, 
Brassicarapa ssp.), alfelfh (Medicago sativa), rice (Qiyza sativa), rye (Secale cerale), 
sorghum (Sorghum tricolor, Sorghum vulgare), sunflower (heliantfaus annuas), wheat 

S (Tritium aeslivum), soybean (Glycine mnx)> tobacco (Nicotiana tabacum), potato 
(SolaiLum tuberosum), peanuts (Arachis hypogaea), cotton (Gossypium hixsutum), 
sweet potato (Iopmoea batatus), cas$ava (Mfcrihot esculenta), coffee (Cofea spp.), 
coconut (Cocos nucifera), pineapple (Aaana comoeus), dtris tree (Citrus spp.) cocoa 
CTheobroma cacao), tea (Camellia senensis), banana (Musa spp,), avacado (Persea 

10 americana), fig (Pious casica), guava (Psidium guajava), mango (Mangifer indioa), 
Olive (Oloa ettoopaea), papaya (Carioa papaya), cashew (Anacardium occidental©), 
macadaDpoda (Macadamia intergrifolia), almond (Prunus amygdalus), sugar beets (Beta 
vulgaris)^ oats, barley, vegetables and ornamentals. 

IS Pjpeferably, plants of the present invention are crop plants (for example, cereals and 
pulses, maize, wheat, potatoes, tapioca, rice, sorghum, millet, cassava, barley, pea, 
and other toot, tuber ox seed cxops. Important seed crops are oil-seed rape* sugar beet, 
maize, sunflower, soybean and sorghum* Horticultural plants to which the present 
jbftvention may be applied may include lettuce, endive, and vegetable brassicas 

20 including cabbage, broccoli, and cauliflower, and carnations and geraniums. The 
present invention may be applied in tobacco, cucurbits, carrot, strawberry, sunflower, 
tomato, pepper, chrysanthemum. 

Grain plants that provide seeds of interest include oil-seed plants and le gumino us 
25 plants. Seeds of interest include grain seeds, such as com, wheat, barley, rice, 
sorghum, rye, etc. Oil-seed plants include cotton, soybean, safHower, sunflower, 
Brassica, maize, alfalfa, palm, coconut, etc. Leguminous plants include beans and 
peas. Beans include guar, locust bean* ffecugreefc, soybean, garden beans, cowpea, 
mungbean, lima bean, favabeen, lentils, chickpea* etc, 

30 

According to a further aspect of the invention there is provided for modulating the 
lignin content of a plant comprising the steps of; 

i) providing a cell according to the invention, 
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ii) providing conditions conducive to growth of said cell into 
a plantlet and optionally 

iii) determining the Hgnin content of said plant. 

5 According to a fourth aspect of the invention there is provided a method of 
manufacture of paper or board from a transgenic plant exhibiting an altered Hgnin 

content comprising the steps of, 

i) pulping the transgenic wood material derived from the transgenic 
plant according to the invention; and 
10 producing paper from said pulped transgenic wood material. 

An embodiment of the invention will now be described by example only and with 
reference to the following figures: 

IS Figure 1 is the nucleic acid sequence of glucosylteansfcrase 72E1; 
Figure 2 is the amino acid sequence of glucosyHransferase 72E1; 
Figure 3 is the nucleic acid sequence of glncosyhransferase 72E2; 

20 

Figure 4 is the amino acid sequence of glucosyltransferase 72B2; 

Figure 5 is the nucleic acid sequence of glucosyltransferase 72E3 

25 Figure 6 iB the amino acid sequence of glucosyltransferase 72E3} 

Figure 7 illustrates examples of monolignols and their modfioalion by foe 
glucosyltransferase 72B1 and 72E2; and 

30 Table 1 illustrates foe activity of 72E1 with respect to monolignol substrates. 
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Materials and Methods 
GlucosYltraasfcrasfes activity assay 

Recombinant UGT72E1 was expressed and purified from E. coli as described 
previously (Lun et al., 2001, J. Biol Ch&m. 276, 43444349). The enzyme (2 jig) was 
incubated with. 1 mM phenolic substrates, 5 mM UDP-glucose, 100 mM Tris-HCl, pH 
7.0 in a total volume 200 ul. The reaction mix was incubated at 30 °C for 1 b and was 
analysed using HPLC subsequently. 

HFLiC analysis 

Coniferyl alcohol: 10-25% acetonitrile (0.1% TFA), 306 nm 
Sinapyl alcoholi 10-25% acetonitrile (0.1% TFA), 285 nm 
p-coumaryl alcohol: 10-25% acetonitrile (0.1% TFA), 311 nm 
conifery aldehyde: 10-47% acetonitrile (0.1% TEA), 311 nm 
smapylaldehyde; 10-47% acetonitrile (0.1% TFA), 280 nm 
p-coumaryl aldehyde: 10-47% acetonitrile (0.1% TFA), 315 nm 



Table 1 



Substrates 



Activity (area, uv x sec) 



72E1 



72E2 



Gmiferyl alcohol 
Sinapyl alcohol 



3225766 
0 
0 



29756923 
3339410 



p-coumaryl alcohol 
Conifery! aldehyde 
Sinapyl aldehyde 



21950129 
13655427 
9243651 



5068215 
37002362 
2612331 



0 



g-coumaryl aldehyde 
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CLAIMS 

I A Iransgenic cell wherein the genome of said cell comprises a nucleic acid 
molecule wherein aaid nucleic acid molecule is selected from the group consisting oft 
5 i) a nucleic acid molecule comprising a nucleic acid 

sequence as represented in Figure 1 ; 
ii) a nucleic acid molecule comprising a nucleic acid 
sequence which hybridises to me sequence in (i) above 
and which gluoosylates at least one monolignol; 
1Q Hi) a nucleic acid molecule comprising a nucleic acid 

sequences which are degenerate as a result of the genetio 
code to the sequences defined to (i) and (ii) above. 

2 A cell according to Claim 1 wherein said aldehyde of a monolignol is selected 
15 fiom the group consisting Of, /^umatyl aldehyde, coniferyl aldehyde and sinapvi 
aldehyde. 

3. A cell according to Claim 2 wherein said monolignol is comfexyl alcohol. 

20 4. A cell according to any of Claims 1-3 wherein said nucleic acid is cDNA. 

5. A cell according to any of Claims 1-3 wherein said nucleic acid is genomic 
DNA 

25 6. A cell according to any of Claims 1-5 wherein said nucleic acid molecule 
comprises a nucleic acid sequence as shown in Figure 1. 

7. A cell according to any of Claims 1-4 wherein said nucleic acid molecule 

consists Of a nucleic acid sequence as shown in Figure 1. 

30 

8. A cell according to any of Claims 1-7 wherein said nucleic acid molecule is 
over expressed. 
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9. A cell according to Claim 8 wherein said cell over-expresses a nucleic acid 
molecule selected from the group consisting of; 

i) a nucleic acid molecule comprising a nucleic acid 
sequence as represented in Figure 1 and Figure 3 and/or 

5 Figure 5; 

ii) a nucleic acid molecule comprising a nucleic acid 
sequence which hybridises to the sequence in (i) above 
and which glycosylates at least one moaolignol; 

iii) a nucleic acid molecule comprising a nucleic acid 
10 sequences which are degenerate as a result of the genetic code to 

the sequences defined in (i) and (ii) above. 

10. A cell according to Claim 8 wherein said cell over-expresses a nucleic add 
molecule as ]Wp)ce$e)oted by the nucleic acid sequence shown in Figure 3 and Figure 5, 

15 or a nucleic acid molecule which hybridises to a nucleic add molecule as represented 
by the nucleic acid sequence in Figure 3 and Figure 5. 

11. A cell according to any of Claims 1-7 wherein liie expression of said nucleic 
acid molecule is down-regulated to reduce glucosyltransferase activity in said celL 

20 

12. A cell according to Claim 11 wherein said down-regulation is as a result of 
said cell bring null for a nucleic acid molecule selected from the group consisting of; 

i) a nucleic acid molecule comprising a nucleic acid 
sequence as represented in Figure 1 ; 
25 ii) a nucleic acid molecule comprising a nucleic acid 

sequence which hybridises to the sequence in (i) above; 

iii) a nucleic acid molecule comprising a nucleic acid 

$equ$&££$ which are degenerate as a result of the genetic code to 

the sequences defined in (i) and (ii) above. 

30 
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13, A cell according to Claim 11 wherein said down-regulation is as a result of 
said cell being null for a nucleic acid xnoiecule selected from the group consisting of; 

i) a nucleic acid molecule comprising a nucleic acid 
sequence as represented in Figure 1 and Figure 3 and/or 

5 Figures; 

ii) a nucleic acid molecule comprising a nucleic acid 
sequence which hybridises to the sequence in (i) above; 

m) a nucleic acid molecule comprising a nucleic acid 
sequences which are degenerate as a result of the genetic 
10 cede to 1he sequences defined in (i) and (ii) above. 

14, A cell according to Claim 11 wherein said down-regulation is the result of 
said ceil being nuM for a nucleic acid molecule comprising a nucleic acid sequence as 
shotfn in Figure 3 and Figure 5. or a nucleic acid molecule which hybridises to a 
15 nucleic acid molecule comprising a nucleic acid sequence as shown in Figure 3 and 
Figure 5. 

15* A cell according to Claim 1 1 wherein said cell is transformed with a nucleic 
acid molecule comprising an expression cassette which cassette comprises a nucleic 
20 acid sequence selected from the group consisting of: 

i) a nucleic acid molecule comprising a nucleic add 

sequence as represented in Figure 1 ; 

iv) a nucleic acid molecule comprising a nucleic acid 
sequence iyhich hybridises to the sequence in (i) above 
25 and which glycosylates at least one monolignol; 

iii) a nucleic acid molecule comprising a nucleic acid 
sequences which are degenerate as a result of the genetic 
code to the sequences defined in (i) and (ii) above, 
wherein said cassette is adapted such that both sense and antisense nucleic acid 
30 molecules are transcribed from said cassette. 

16. A cell according to Claim 15 wherein said cassette is provided with at least 
two promoters adapted to transcribe sense and antisense strands of said nucleic acid 
molecule, 

18 
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17. A cell according to Claim 15 wherein said cassette comprises a nucleic aoid 
molecule wherein said molecule comprises a first part linked to a second part wherein 
said first and second parts are complementary over at least part of their sequence and 

5 ftotbar Whereto Ascription of $aid nucleic acid molecule produces an SNA 
molecule which forms a double stranded region by complementary base pairing of 
said first and second parts. 

18. A cell according to Claim 17 wherein said first and second parts are linked by 
10 at least one nucleotide base. 

19. A cell according to Claim 11 wherein said cell is transformed with a nucleic 
acid molecule comprising an expression cassette(s) which cassette(s) comprises a 
nucleic acid sequence selected from the group consisting of: 

i) a nucleic acid molecule comprising a nucleic acid 
sequence as represented in Figure 1 and Figure 3 and/or 
Figure 5; 

ii) a nucleic acid molecule c omp rising a nucleic acid 
sequence which hybridises to the sequence in (i) above 
and which gtucosylates at least one monolignol; 

Hi) a nucleic acid molecule comprising a nucleic acid 
sequences which are degenerate as a result of the genetic 
code to the sequences defined in (i) and (ii) above, 
whtarcin said cassette is adapted such that both sense and antisense nucleic acid 
molecules are transcribed from said cassette, 

20- A cell according to Claim 19 wherein said cassette(s) comprises a nucleic 
molecule comprising a nucleic aoid sequence as shown in Figure 3 and Figure 5 or a 
nucleic acid molecule which hybridises to a nucleic acid molecule comprising a 

30 nucleic acid sequence as shown in Figure 3 and Figure 5. 

21- A cell according to any of Claims 12-20 wherein said expression cassette is 
part of a vector. 

19 
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22. A cell according to any of Claims 1-21 wherein said transgenic cell is a 
eukflryOtic cell. 

23. A cell according to Claim 22 wherein said cell is aplant cell. 

5 

24. A transgenic plant comprising a cell according to Claim 23. 

25. A plant according to Claim 24 wherein said plant is a woody plant selected 
from: poplar; eucalyptus; Douglas fir, pine; walnut; ash; birch; oak; teak; spruce. 

10 

26. A method for modulating me lignin content of a plant comprising the steps of- 

i) providing a cell according to any of Claims 1-23, 

ii) providing conditions conducive to growth of said cell into 
a plantlet and optionally, 

15 iii) determining the lignin content of said plant 

27. A method of rnanufecture of paper ox hoard from a transgenic plant exhibiting 
an altered lignin content comprising the steps of; 

i) pulping the transgenic wood material derived fiom the transgenic 
20 plant according to Claim 24 ; and 

h) producing paper from said pulped transgenic wood material. 



25 
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Abstract 

Oucosyltransferases 

We describe transgenic cells which are transformed with, nucleic acid molecules 
wHch encode glucosyltransferase polypeptides involved in phenylpropanoid 
biosynthesis 
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Figure 1 72E1 



CACCATrrTCGTCCTTGAAACCGACGCAGCCTCAGCTCAAT^^ 
CACX2AGGCTGCGACGCGGCCCTTGTTGATATCGTTGGGCTC 
CTCCCQTTTAQTCGACXXJATCAGOCTTrrrrGGGATCAAGCTCCT 
GTGAGACCATrCCTACCATC03GTCAAAGATAGAGGAGATGCAACACAAACCAA 

CGGKTTCTGATCGTAGACTTGTTTGGTTIGGACGCGATACCG^^ 

AACA.TGTTGACTTATATCTTCATCGCTrcAAAGGCACGTTTTCT 

GTTTTTCCCAACGTTGGaCAAAGACATGGAAGAAGAGCACATAATCAAGAAGCA 

ACCTATGGTTATGCCrGGAtGTGAACCGGTTCQGTTTGAAGATAGAC^ 

TTCCTTOACCCAAACAGCCAACTCTACCGGGAATTTGTTCCTrrcGGT^ 

CCCAACGTGTGATGGTATTATtGTGAATACATGGGATGATATGGAGCCCAA 

tcgaaatctotcaagacccaaagctcttgggtcgaato 

TCCAATTGGTCCTTTGTCnrAGACCGGTTGATC 

TGGATTGGTTAAACAAACAGCCGGACGAGTCGGTACTTrACATrTCATT^ 

CGGTGGCTCrCTCTCGGCTAAACAACTAACCGAATTGGCTTGGGGA<nT 

AGTCAGCAACGGTTCGTTTGGQTGGTTCGACCCCCGGTGGACGGlTCAGCTrGCA 

GTGCATATTTATCCGCTAACL\GTGG 

CCCGG AAG GTTTTGTT AGCCGGACTCATG AGAGAGGCTITATC 
GCTCXXX3AAGCGGAGATCTTGGCCCACCAAGCCGTAGGTGGGTTTCT 

gcggttggaattcgattctcgagagcgtcgttggtggcgttccgatgatcgcgtg 
gccacttrrrgcggagcagatgatgaacgcgacacrcctcaaosaagagctrggc 

GTIGCCGTCCGCTCTAAGAAACTACCGTCGGAGGGAGTGATTACGAGGGCGGAG 
ATCGAGGGGTTGGTGAGAAAGATCATGGTGGAGGAGGAAGGTGCTGAGATGAGA 

AAGAAGATAAAGAAGCTGAAAGAGACCGCTGCCGAATCGCTO^ 
GGAGTGGCGC ATGAATCGTTGTCAAGAATCGCCGACGAGAGCGAGC ATX; ill iGG 

AGOGTGTCAGGTGCATGGCACGTGGTGCCTAG 
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Figure 2 



MKITKPHVAMFASPGMGHIlPVmLGKRI,AGSHGFDVTrFVLETDAASAQSQF 

LNSPGC»AALVDIVGLPTPD1SGL\T3PSA^ 

KPTAIJVDO'GI^AlPlXjGEFNMLTyiFlASNA 

KKQPMVMPGCEPVRFBDTIJBTF^ 

MEPKTIJ£SIX2DPKIIXjPJAGVPVTO 

VLYISFGSGGSLSAKQLTEI^WGI^MSQQRFVWVVEPPVDGSACSAYLSANS . 

GKIEIDGTPDYLPEGFVSRTHERGFMVSSWAPQAEILAHQAVGGFLTHCGWNS 

ILJESVVGGVPMIAWPIJAEQMMNAI^ 

LVRKDVTVBEEGAEMRJKXIKKLJSG^ 

VRCMARGA 
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Figure 3 72B2 



ATGCATATCA CAAAACCACA CGCCGCCATO TTTTCCAGTC CCGGAATGGG 
CCATGTCA.TC CCGGTGATCG AGCTTGGAAA OCGTCTCTCC GCTARCAACG 
GCTTCCACGT CACCOTCTTC GTCCTCG&AA CCGACGCAGC CTCCGCTCAA 
TCCAAGTTCC TAAACTC&AC CGGCGTCGAC ATCGTCAAAC TTCCATCGCC 
GGACATTTAT GGTTTAGTGG ACCCCGACGA CCATGTAGTG ACCAAGATOG 
GAGTCATTAT GCGTGCAGCA GTTCCAGCCC TCCGATCCA& GATCGCTGCC 
ATGCATCAAA AGCCAACGGC TCTGATCGOT GACTTGTTTG GCACAGATCC 
GTTATGTCTC GCAAAGGAAT TTAACATGTT GAGTTATGTG TTTATCCCTA 
CCAACGCACG TTTTCTCGGA GTTTCGATTT ATXATCCAAA T7TTGGAGAAA 
GATAXCAAGG AAOAGCACAC AGTOCAftAGA AACCCACTCG CTATACCGGG 
GTGTGAACCG GTTAGGTTCG AAGATACTCT GGATGCATAT CTGGTTCCC3G 
ACGAACCGGT GTACCGGGAT TTTGTTCGTC ATGGTCTGGC TTACCCAAAA 
GCCGATGGAA TTTTGGTAAA TACATGGGAA GAGATGGAGC CCAAATCATT 
GAACTCCCTT CTAAACCCAA AGCTCTTGGG CCGGGTTCCT CGTGTACCGG 
TCTKTCCAAT OGGTCCCTTA TGGAGACCGA TACAATCftTC CGAAACCGAT 
CACCCGGTTT TGGATTGGTT AftACGAACAA CCGBACGAGT CGGTTCTCTA 
TATCTCCTTC GGGAGTGGTG GTTGTCTATC GGCGAAAGAG TTAACTGAAT 
TGGCGTGGGG ACTCGAGCAG AGCCAGCAAC GGTTCGTATG GGTGGTTCGA 
CCACOGGTCG ACGGTTOGTG TTGTAGCGAG TATGTCTCGG CTAACGGTGG 
TGGAACCGAA GACAACAGGC CAGAGTATCT ACCGGAAGGG TTCGTGAGTC 
GT&CTAGTCA TAGAGGTTTC GTGGTCCCCT CATGGGCCCC ACAAGCTGAA 
ATCGTGTCCC ATCGGGCCGT TGGTGGGTTT TTGACCCATT GCGGTTGGAG 
CTCGAGGTTG GAAAGCGTCG STGGCGGCGT TCCGATGATC GCATGGCCAC 
TTTTTGCCGA GCAGAATATG AATGCGGCGT TGCTCAGCGA CGAACTGGGA 
ATCGCAGTCA GATTGGATGA TCCAAAGGAG GATATTTCTA GGTGGAAGAT 
TGAGGCGTTG GTGAGGAAGG TTATGACTGA GAAGGAAGGT GAAGCGATGA 
GAAGOAAAGT GAAGAAGTTG AGAGACTCGG CGGAGATGTC ACTGAGCATT 
GACGGTGGTG GTTTGGCGCA CGAGTCGCTT TGCAGAGTCA CCAAGGAGTG 
TCAACGSTTT TTGGAACGTO TCGEGGACTT GXCACGTGGT GCTTAG 
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Figure 4 



MHITKPHAAM FSSPGMGHVT PVlELCKRLS AHtfGFHVTVF VLETDAASAQ 
SKFLKSTGVD IVKIiPSPDIY GLVDPDDHW TKIGVXMRAA VPALRSKIAA 
MKOKPTALIV DLFGTDALCI* AKEFNMLOTV FIPTNARFLG VSIYYP3TLDK 
DIKEEHXVSR UPLAXPGCEP VRFEDTLDAY IiVPDB PVYHD FVRHGLAYPK 
ADGIIiVKTWE EMBPKELKSIj LOTKLLCRVA RVPVYPIGP1* CRPIQSSETO 
HPVIiDWUiJEQ PNESVLYISF GSGGOjSAKQ MHLAWG&EQ SQQHFVWVR 
PPVDGSCCSB YVSANGGGTB DNTPEYLPEG FVSRTSDRGF VVPSWAPQftE 
ILSHRAVGGP LiTHCGWSSTL ESWGGVEMI AWPLFAEQNM HAALLSDELG 
XAVRLEDPKE DXS&WKIEMi VHK7MEBKEG EAMRRKVKKL EDBAEMSIiSI 
DGGGIiAEESIi CRVTKECQRF UBRWDIiSRQ A 
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Figure 5 72B3 

ATGC^TATCA CAAAACdACA CGCCGCCAXG TTTTCCAGTC CCGGAATGGG 
CCATGTCCTC CCGGTGRICG AGCIAGCTAA GCGTCTCTCC GCTAACCACG 
GCTTCCAjCGT CACCGTCTTC GTCCTTGAAA CTGACGCAGC CTCCGTTCAG 
TCCAAGCTGC TOAACtCAAC CGGTGTTGAC ATCGTCAACC TTCCATCGCC 
CGACATTTCT GGCTTGGTAG ACCCGAACGC CCATGTGGTO ACGAAGATCG 
GAGTCATTAT GGGTGAAGCT GTTCCAACCC TCCGATCCAA GATCGTTGCC 
ATOCATCAAA ACCCAACGGC TCTGATCATT GACXTOOTTG GCACAGATGC 
GTTAIGTCTT GCAGCGGAGT TAAACAEGTT GACTTATGTC TTTATCGCTO 

ccaacgcgcg ttatctcgga gtttcgatat attatccaac tttggacgaa 
gttatcaaag aagagcacac agtgcaacga aaaccgctca ctataccggg 

GTCTGAACCG GTTAGATTTTG AAGATATTAT GGATGCATAT CTGGTTCCGG 
ACGAACCGGT GTACCACGAT TTGGTTCGTO ACTGTCTGGC CTACCCAAAA 
GCGGATGGAA TCTTGGTGAA TACATGGGAA GAGAEGGAGC CCAAATCATT 
AAAGTCCCTT CAAGACCOGA AACTTTTGGG CCGGGTCGCT CGTGXACCGG 
TTTATCCGGT TGGTCOGTUA TGGAGACCGA TACAATCAEC GACGACCGAT 
CACCCGGTTT TTGATIGGTT AAACAAACAA CGAAACGAGT CGGTTCTCTA 
CATTTCCTTC GGGAGTGGTG GTTCTCTAAC GGCTC&ACAG TTAACCGAAT 

TGGOGTOGGG gctcgaggag agccagcaac ggtttatatg ggtggttcga 
CCGCCCGTTG acggctcgtc ttgcagtgat tatttctcgg ctaaaggcgg 

TGTOVACCAAA GAGAACACGC CAGAGTATCT ACCAGAAGGG TTCGTGACTC 
GTACTTGCGA TAOAGOTTTC ATGATCCCAT CATGGGCACC GCAAGCTGAA 
ATCCTAGCCC ATCAGGCCGT TGGTGGGTTT TTAACACATT GTGGTTGGAG 
CrrCOACGTTG GAAAGCGTCC tttgcggcgt tccaatgata GCGTGGCCGC 
TTTTCGCCGA GCAGAATATG AACGCGGCGT TGCTTAGCGA TGAACTGGGA 
ATCTCTGTTA GAGTGGATGA TCCAAAGGAG GCGMOTCTA GGTCGAAGAT 
TGAGGCGATG GTGAGGAAGG TTATGGCTGA GGAGGAAGGT GAAGAGATGA 
GAAGGAAAGtf GAAGAAOTTG AGAGACACGG CGGAGATGTC ACTTAGTATT 
CACGGTOGTG GTTCGGCGCA TGAGTCGCTT TGCAGAGTCA OGAAGGAGTG 
TCAACGGTTT TTGGAATGTG TCGGGGACTT GGGACGTGGT GCTTAG 
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miTZ&&m FSSPGMGHVL PVTBLAKHLS M1HGFHVTVF VIiETDAASVQ 

SKLLSTSTGVD IVWLPSPBIS GIjVDFNAHW TBCIGVIMRBA VPT&R6KXVA 

MHQNPTAIiII DIiFQTDMjCL aablnmltyv fiasnarylg vsiyyptldb 

VIKBEETVQR KPLTIEOCEP VRFEDIWDAV XiVPUEpV^OT XiVHHCI^TPK 
ADGILVNTWE BMEPKSLKSL QDPKLLGRVA RVPVYPVGPL CRPIQS STED 
HFVFDWIiNXQ PNBSVLYISF GSGGSItTAQQ LTEIiAWGLSE SQQRFID7VVR 
PFVDGSSCSD IfPSAKGGVTK DOTPEYLFEG FVTRTCDRGF MXPSWJUPQOT 
IJUftSQftWGOT l^THCGWSSTL ESVIiCGVPlfll AWFLFAEQNM NAALLSDELG 
ISVRVDDPKE AISRSKIEAM VRKVMAEDEG EEMRRKVKKL KDTAEM9LS X 
HGGGSAEESL CRVTKBCQRF I^CV^DLGRG ». 
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• 



p-coumaryl alcohol 
.OH 




Cotiifetyl alcohol 



MeO 





OMe 



(no activity) 



p-coumaiyl aldehyde Conifejcyl aldehyde Sfoapyl aldehyde 
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